Introduction
============

Hypertension is an important public health problem in developing countries and a major cause of morbidity and mortality.[@b1-vhrm-9-763] Studies have consistently indicated that hypertension and hypercholesterolemia frequently coexist, a term known as dyslipidemic hypertension.[@b2-vhrm-9-763]--[@b4-vhrm-9-763]

The Framingham Heart Study data on the hypertensive population reported that more than 80% had at least one additional cardiovascular disease risk factor, and that predominantly these risk factors were atherogenic in nature.[@b3-vhrm-9-763] Dyslipidemic hypertension constitutes the important components of the metabolic syndrome, as defined by the National Cholesterol Education Program Guidelines (Adult Treatment Panel III).[@b5-vhrm-9-763] The risk of cardiovascular diseases associated with hypertension coexisting with dyslipidemia is more multiplicative than the sum of the individual risk factors.[@b6-vhrm-9-763]--[@b9-vhrm-9-763]

In a national survey by Akinkugbe, hypercholesterolemia defined as total cholesterol (TC) \>5.2 mmol/L was 4%. This is far less compared to that in Caucasians, and was proposed to be due to environmental, genetic, and dietary factors.[@b10-vhrm-9-763] However, recent studies across the country have shown a changing pattern in the occurrence of dyslipidemic hypertension.[@b11-vhrm-9-763]--[@b13-vhrm-9-763] The prevalence of dyslipidemic hypertension in Nigeria has been reported to be between 45.8% and 58.9%. The most common single lipid abnormality in these studies is low high-density lipoprotein cholesterol (HDL-C), and in a few cases elevated TC. However, there are also reports of lipid abnormalities occurring in various combinations.

The damaging effect of this unwholesome coexistence of abnormalities is in their atherogenic potential on the endothelium. This results in increased oxidative stress, endothelial dysfunction, and progression of atherosclerosis.[@b14-vhrm-9-763] The increasing prevalence of these cardiovascular risk factors places an enormous burden on that already caused by infectious diseases. Hence, screening hypertensive patients at the point of entry cannot be overemphasized. Few studies have determined the pattern and prevalence of lipid abnormalities of individuals with arterial hypertension in North-Central Nigeria and examined the relationship between lipid profile and demographic characteristics. The purpose of this study was therefore to determine the various patterns and the prevalence of lipid profile abnormalities in newly presenting hypertensives in North-Central Nigeria. We also examined the correlation between the serum lipid profiles and demographic characteristics.

Methods
=======

This cross-sectional study recruited 115 newly presenting hypertensive patients and 115 age- and sex-matched normotensive controls referred to the cardiology clinic of Federal Medical Centre, Bida, between October 2009 and September 2011. Informed and written consent was obtained from the patients; those that declined were excluded from the study. Others excluded include diabetics and patients on antihypertensives and lipid-lowering agents. The normotensive controls were healthy hospital staff, patient relatives, and spouses.

A full medical history was obtained from study participants. Blood pressure was measured in a sitting position using a standard mercury sphygmomanometer after 5 minutes of rest. The average of three consecutive measurements was used for analysis. Hypertension was defined as systolic blood pressure (SBP) ≥140 mmHg and/or diastolic blood pressure (DBP) ≥90 mmHg, using criteria from the Seventh Joint National Committee on detection, evaluation and treatment of hypertension.[@b15-vhrm-9-763] Body weight and height were measured with participants wearing light clothes. Body mass index (BMI) was calculated as weight (kg)/height (m)^2^. Fasting plasma glucose and fasting serum lipid profile were determined using blood obtained following an overnight (10--12 hours) fast. Serum total cholesterol, serum triglycerides (TG), and HDL-C were determined enzymatically. Low-density lipoprotein cholesterol (LDL-C) was determined using the Friedewald formula:
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The Third Report of the Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults (ATP III)[@b5-vhrm-9-763] was used to define abnormal lipid profiles as follows: elevated TC, ≥5.17 mmol/L; elevated TG, ≥1.69 mmol/L; low HDL-C, \<1.03 mmol/L for males and \<1.04 mmol/L for females; and elevated LDL-C, ≥3.38 mmol/L. Atherogenic index (AI) was calculated by TC/HDL-C; \>5 is considered high.[@b17-vhrm-9-763] Ethical clearance was obtained from the ethical committee of Federal Medical Centre, Bida.

Data were analyzed using SPSS for Windows version 16.0 software (SPSS Inc, Chicago, IL, USA). Data are reported as mean ± SD or as proportions. Comparisons between groups were performed by independent Student's *t*-tests or by chi-square tests. Spearman's correlation and linear regression analysis were used to estimate the association of selected demographic parameters and various parameters of serum lipids. A *P*-value of \<0.05 was considered statistically significant.

Results
=======

A total of 230 subjects were involved in the study; 115 were patients with arterial hypertension and 115 were age and sex-matched normotensive controls. Subject ages ranged between 24 and 84 years, with a mean age of 52.90±12.62 years and 51.25±12.21 years (*P*=0.296) for hypertensives and controls, respectively. The demographic characteristics of the study population are provided in [Table 1](#t1-vhrm-9-763){ref-type="table"}. There were 79 males and 151 females (ratio, 1:1.9). The mean of the BMI, SBP, and DBP are significantly higher in hypertensives (29.04±6.87, 163.43±21.17, and 91.82±16.64) than the controls (23.30±4.23, 119.53±9.86, and 77.65±8.3; *P*=0.000). Between hypertensives and controls, the mean serum TC (4.06±1.17; 3.55±1.45, *P*=0.006) and serum HDL-C (1.16±0.54; 1.44±0.43, *P*=0.000) varied significantly. However, there was no significant difference between the mean serum TG (1.31±0.64; 1.23±0.66, *P*=0.431) and the serum LDL-C (2.41±1.10; 2.22±0.94, *P*=0.191) among the study population.

Prevalence of dyslipidemia in the hypertensives and controls
------------------------------------------------------------

[Table 2](#t2-vhrm-9-763){ref-type="table"} shows the prevalence of the various lipid abnormalities as defined by the ATP III diagnostic criteria. In the hypertensive population, 74 participants had at least one form of lipid abnormality, giving a prevalence rate of 64%, and 45 of the controls had at least one lipid abnormality, with a prevalence of 39%. The most common lipid abnormality was reduced HDL-C: 44.3% in the hypertensive population and 20.9% in the normotensive controls. None of the participants had all the lipid abnormalities. Many of the hypertensives as well as the controls had more than one lipid abnormality. Increased TG and low HDL-C (42%) was the most frequent dyslipidemia combination, followed by increased LDL-C and low HDL-C and increased TC and low HDL-C in equal proportions (9.2%). [Table 3](#t3-vhrm-9-763){ref-type="table"} shows the means of the demographic and laboratory parameters of the hypertensive males and females. Although the male hypertensives were older and had higher SBP and DBP, there was no statistically significant difference between the males and females. There were no other parameter variances between males and females. In a subgroup analysis of hypertensive patients, dyslipidemia occurred most in the age range between 40 and 49 years; thereafter, it plateaued, and subsequently showed a sharp decline from age 70. This might be explained by the fact that individuals after this age lose subcutaneous fat.

Correlations
------------

The Spearman's correlation coefficient of serum lipid profiles and some clinical and demographic characteristics of hypertensives and controls are presented in [Tables 4](#t4-vhrm-9-763){ref-type="table"} and [5](#t5-vhrm-9-763){ref-type="table"}, respectively. There was a statistically significant correlation between age and LDL-C (*r*=0.217, *P*=0.020), BMI and LDL-C (*r*=0.209, *P*=0.025), and fasting blood sugar and LDL-C *(r*=0.202, *P*=0.030) in hypertensives. Also, DBP correlated positively with TC (*r*=0.218, *P*=0.019). Among the controls, age and TG were positively correlated (*r*=0.196, *P*=0.036). A negative correlation was observed between TC and TG (*r*=−0.304, *P*=0.000), whereas TC correlated positively with LDL-C (*r*=0.626, *P*=0.000). The AI in hypertensives correlated positively with LDL-C (*r*=0.192, *P*=0.006), but negatively with HDL-C (*r*=−0.209, *P*=0.000). In controls, the AI showed statistical significance with TC (*r*=0.678, *P*=0.000), but negative correlation with TG (*r*=−0.191, *P*=0.041), HDL-C (*r*=−0.590, *P*=0.000), and LDL-C (*r*=−0.579, *P*=0.000).

The linear regression analysis in hypertensives with HDL-C as a dependent variable and the AI as an independent variable is shown in [Table 6](#t6-vhrm-9-763){ref-type="table"}. Other variables could not predict HDL-C in the patients or in the controls.

Discussion
==========

The study was designed to determine the pattern of dyslipidemia and to highlight its relationship with some demographic characteristics of Nigerians presenting with arterial hypertension. Our results have shown that there is a high prevalence of dyslipidemia in newly presenting hypertensives as well as in normotensive controls. Secondly, the prevalence of dyslipidemia increases with age, and is most prevalent among subjects in the 40--49 age group. Finally, although several combinations of lipid abnormalities were found, the single most common dyslipidemia in our study population was low HDL-C, which is determined by AI.

Much earlier observations by Akinkugbe during the non-communicable diseases study to determine lipid profile abnormalities in Nigerians found a prevalence of 4% among men and women using the International Diabetes Federation criteria; however, the study did not measure serum HDL-C concentration.[@b10-vhrm-9-763] In this study, we measured HDL-C in addition to other parameters, and the rate was found to be much higher. The prevalence rate of 64% of dyslipidemia in this study is comparable to the 58.9% reported by Akintunde et al[@b11-vhrm-9-763] working on hypertensives in Southwestern Nigeria, but higher than the 40% reported by Lepira et al.[@b18-vhrm-9-763] This might be due to the fact that though Bida is in the North-Central zone, it has seemingly the same climatic conditions as in the earlier study. The inclusion of individuals on lipid-lowering drugs and the level of subject education in the study by Lepira et al might have been responsible for the difference in the prevalence rate. This rate is the same as that found in Caucasians (49.5% to 78.4%), and might be related to the adoption of a Western lifestyle, characterized by physical inactivity and ingestion of foods high in starch and saturated fatty acids.[@b19-vhrm-9-763]

The finding in this study of significantly different mean values of TC and HDL-C between the hypertensives and the normotensive controls corroborates previous findings.[@b20-vhrm-9-763],[@b21-vhrm-9-763] Although TG and LDL-C were higher in the hypertensives, they did not differ significantly between the hypertensives and the controls, as previously reported. In the hypertensives, TC correlated positively with DBP, but there was no such association in the controls. The higher level of TC in hypertensives which has been noted by other workers may be explained by the association noted with blood pressure in our study. High levels of serum TC have been consistently shown to increase the risk of developing complications like coronary heart disease and stroke in a multiplicative rather than additive manner. The result of an epidemiological study by McGill indicate a progressive increase in cardiovascular risk as the serum TC exceeds 5.0 mmol/L.[@b22-vhrm-9-763] Hence, it is thus generally recommended that treatment of hypertension should, in addition to lowering blood pressure, target correction of dyslipidemia as well as other cardiovascular risk factors if present, to reduce overall risk as well as increasing the cost-effectiveness of therapy.

The single most common individual lipid abnormality in our study subjects was the low HDL-C in 44.3% of hypertensives and 18.3% in the normotensive controls. The view has been documented by Akintunde et al, though it appeared twice as often in their controls as in ours.[@b11-vhrm-9-763] Osuji et al also found a very high prevalence of low HDL-C in their participants, but a disproportionately higher prevalence in their controls.[@b12-vhrm-9-763] Our findings, however, differ from those in Caucasians, where reduced HDL-C is said to be uncommon in the ATP III.[@b5-vhrm-9-763] This disparity might be due to the environmental conditions, socioeconomic status, and genetic makeup of our study population, in that isolated low HDL-C may be a relatively common baseline lipid abnormality and hypertension only escalates it. Recently, it has been suggested that, in Caucasians, the apoA-I mutation apoA-I~Nashua~ may be responsible for the low HDL-C in Caucasians.[@b23-vhrm-9-763] Although the mechanism by which reduced HDL-C increases cardiovascular risk is not fully known, experimental studies suggest a direct role for HDL-C in promoting reverse cholesterol transport from foam cells in the atherosclerotic plaque depots in blood vessels to the liver for excretion. In addition, HDL-C has potent anti-inflammatory and antioxidant effects that inhibit the atherogenic process.[@b24-vhrm-9-763] ATP III guidelines recognized low HDL-C as a key determinant of Framingham risk score and a critical factor for ischemic heart disease.[@b5-vhrm-9-763]

Elevated LDL-C, an atherogenic cholesterol, correlated positively with age, BMI, and fasting blood sugar in our study. In a study by Xu et al, it was reported that there was a significant upward trend for blood pressure, TC, LDL-C, and TG to increase, whereas HDL-C decreased, with increasing BMI after adjustment for age.[@b9-vhrm-9-763] Combined dyslipidemia was also common in our study, with about 28.7% of the hypertensives having two or more lipid abnormalities. The most frequent abnormality combination was elevated TG and low HDL-C, followed closely by increased LDL-C and low HDL-C. The combined effect of the various lipoproteins might also worsen the cardiovascular risks. Because of this, the ATP III recommends low HDL-C ≤1.04 mmol/L as a secondary target of therapy aimed at lipid lowering to reduce cardiovascular risk.

The main limitation of our study was the fact that it was hospital based; hence, it is difficult to generalize our findings to reflect the whole country. In addition, it was a cross-sectional study, and thus cannot be used to predict some of the causal relationships indicated; prospective studies with larger sample sizes are therefore suggested. Finally, we did not measure or calculate other molar ratios of lipids, which may also have confounding effects.

The screening of individuals with arterial hypertension for dyslipidemia is an important step in addressing the ever-increasing burden of noncommunicable diseases in Nigeria, a nation that is undergoing epidemiological transition. The present study provides additional information on the various patterns of dyslipidemia and its prevalence in Nigerians with arterial hypertension. The study also supports advocacy on the promotion of healthy lifestyle behaviors and the institution of drugs as appropriate to help reduce the health care burden.

Conclusion
==========

The prevalence of dyslipidemia in our study population is high and increases with age. The most common dyslipidemia is low HDL-C, and is determined by AI. These findings highlight the need for screening of hypertensives, promotion of a healthy lifestyle, and prompt treatment to reduce the multiplicative effect of dyslipidemia combinations.
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###### 

Demographic and biochemical parameters of hypertensives and controls

  --------------------------------------------------------------------------------------------------
  Variables        Hypertensives\   Controls\     *P*-value
                   (n=115)          (n=115)       
  ---------------- ---------------- ------------- --------------------------------------------------
  Age (years)      52.90±12.62      51.25±12.21   0.296

  Male             30 (26.1)        49 (42.6)     

  Female           85 (73.9)        66 (57.4)     0.080

  BMI (kg/m^2^)    29.04±6.87       23.30±4.23    0.000[\*](#tfn1-vhrm-9-763){ref-type="table-fn"}

  SBP (mmHg)       163.43±21.17     119.53±9.86   0.000[\*](#tfn1-vhrm-9-763){ref-type="table-fn"}

  DBP (mmHg)       91.82±16.64      77.65±8.31    0.000[\*](#tfn1-vhrm-9-763){ref-type="table-fn"}

  TC (mmol/L)      4.06±1.17        3.55±1.45     0.006[\*](#tfn1-vhrm-9-763){ref-type="table-fn"}

  TG (mmol/L)      1.31±0.64        1.23±0.66     0.431

  HDL-C (mmol/L)   1.16±0.54        1.44±0.43     0.000[\*](#tfn1-vhrm-9-763){ref-type="table-fn"}

  LDL-C (mmol/L)   2.41±1.10        2.22±0.94     0.191

  AI               6.34±20.28       2.71±1.36     0.057

  FBS (mmol/L)     4.55±2.06        3.98±4.25     0.36
  --------------------------------------------------------------------------------------------------

**Note:**

Statistically significant.

**Abbreviations:** AI, atherogenic index; BMI, body mass index; DBP, diastolic blood pressure; FBS, fasting blood sugar; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; SBP, systolic blood pressure; TC, total cholesterol; TG, triglycerides.

###### 

Prevalence and pattern of lipid abnormalities in hypertensives and controls

  Variables                 Hypertensives (%)   Controls (%)   Pearson *χ*^2^   *P*-value
  ------------------------- ------------------- -------------- ---------------- --------------------------------------------------
  Elevated TC               13 (14.80)          10 (8.7)       17.95            0.000[\*](#tfn3-vhrm-9-763){ref-type="table-fn"}
  Elevated TG               23 (20)             16 (13.9)      30.39            0.000[\*](#tfn3-vhrm-9-763){ref-type="table-fn"}
  Low HDL-C                 51 (44.3)           21 (18.3)      41.93            0.000[\*](#tfn3-vhrm-9-763){ref-type="table-fn"}
  Elevated LDL-C            20 (17.4)           9 (7.8)        16.01            0.000[\*](#tfn3-vhrm-9-763){ref-type="table-fn"}
  Normal lipid profile      41 (35.7)           70 (60.87)     --               --
  ≥1 abnormality            74 (64.3)           45 (39)        --               --
  ≥2 abnormalities          33 (28.7)           7 (6.1)        --               --
  Atherogenic index \>4.5   46 (40)             12 (10.4)      16.51            0.000[\*](#tfn3-vhrm-9-763){ref-type="table-fn"}

**Note:**

Statistically significant.

**Abbreviations:** *χ*^2^, chi-square test; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TC, total cholesterol; TG, triglycerides.

###### 

Clinical, demographic, and lipid profile parameters of male and female hypertensives

  Variables        Males (n=19)   Females (n=55)   *P*-value
  ---------------- -------------- ---------------- -----------
  Age (years)      55.26±10.33    50.13±13.46      0.09 (ns)
  BMI (kg/m^2^)    27.32±5.80     29.31±6.85       0.23 (ns)
  SBP (mmHg)       164.63±16.69   160.69±23.63     0.44 (ns)
  DBP (mmHg)       95.21±13.59    90.36±17.10      0.22 (ns)
  TC (mmol/L)      3.95±0.97      4.32±1.40        0.81 (ns)
  TG (mmol/L)      1.40±0.75      1.47±0.65        0.75 (ns)
  HDL-C (mmol/L)   0.81±0.61      0.97±0.40        0.29 (ns)
  LDL-C (mmol/L)   2.30±0.89      2.59±1.33        0.28 (ns)
  AI               6.43±4.10      8.80±29.09       0.55 (ns)

**Abbreviations:** AI, atherogenic index; BMI, body mass index; DBP, diastolic blood pressure; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; ns, not statistically significant; SBP, systolic blood pressure; TC, total cholesterol; TG, triglycerides.

###### 

Spearman's correlation coefficient for clinical and demographic characteristics and lipid parameters in hypertensives

  Variables                  TC                                                 TG       HDL-C                                               LDL-C
  -------------------------- -------------------------------------------------- -------- --------------------------------------------------- --------------------------------------------------
  Age (years)                                                                                                                                
   Correlation coefficient   0.009                                              0.065    0.020                                               0.217[\*](#tfn6-vhrm-9-763){ref-type="table-fn"}
   Significance (2-tailed)   0.923                                              0.498    0.832                                               0.020
  BMI (kg/m^2^)                                                                                                                              
   Correlation coefficient   0.126                                              0.124    −0.038                                              0.209[\*](#tfn6-vhrm-9-763){ref-type="table-fn"}
   Significance (2-tailed)   0.181                                              0.186    0.686                                               0.025
  SBP (mmHg)                                                                                                                                 
   Correlation coefficient   0.021                                              −0.113   −0.066                                              0.053
   Significance (2-tailed)   0.824                                              0.228    0.484                                               0.571
  DBP (mmHg)                                                                                                                                 
   Correlation coefficient   0.218[\*](#tfn6-vhrm-9-763){ref-type="table-fn"}   −0.071   0.017                                               −0.094
   Significance (2-tailed)   0.019                                              0.450    0.857                                               0.319
  FPG (mmol/L)                                                                                                                               
   Correlation coefficient   0.030                                              0.085    0.075                                               0.202[\*](#tfn6-vhrm-9-763){ref-type="table-fn"}
   Significance (2-tailed)   0.718                                              0.365    0.146                                               0.030
  AI                                                                                                                                         
   Correlation coefficient   0.086                                              0.147    −0.209[\*](#tfn6-vhrm-9-763){ref-type="table-fn"}   0.192[\*](#tfn6-vhrm-9-763){ref-type="table-fn"}
   Significance (2-tailed)   0.538                                              0.134    0.000                                               0.006

**Note:**

Statistically significant.

**Abbreviations:** AI, atherogenic index; BMI, body mass index; DBP, diastolic blood pressure; FPG, fasting plasma glucose; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; SBP, systolic blood pressure; TC, total cholesterol; TG, triglycerides.

###### 

Spearman's correlation coefficient for clinical and demographic characteristics and lipid parameters in controls

  Variables                  TC                                                 TG                                                  HDL-C                                               LDL-C
  -------------------------- -------------------------------------------------- --------------------------------------------------- --------------------------------------------------- ---------------------------------------------------
  Age (years)                                                                                                                                                                           
   Correlation coefficient   −0.165                                             0.196[\*](#tfn8-vhrm-9-763){ref-type="table-fn"}    0.066                                               0.155
   Significance (2-tailed)   0.078                                              0.036                                               0.484                                               0.098
  BMI (kg/m^2^)                                                                                                                                                                         
   Correlation coefficient   0.100                                              −0.100                                              −0.092                                              0.040
   Significance (2-tailed)   0.289                                              0.289                                               0.653                                               0.670
  SBP (mmHg)                                                                                                                                                                            
   Correlation coefficient   0.089                                              0.060                                               0.008                                               0.141
   Significance (2-tailed)   0.344                                              0.524                                               0.934                                               0.132
  DBP (mmHg)                                                                                                                                                                            
   Correlation coefficient   0.162                                              0.002                                               0.071                                               0.161
   Significance (2-tailed)   0.084                                              0.907                                               0.450                                               0.850
  FPG (mmol/l)                                                                                                                                                                          
   Correlation coefficient   0.124                                              0.006                                               0.054                                               0.043
   Significance (2-tailed)   0.456                                              0.341                                               0.642                                               0.812
  AI                                                                                                                                                                                    
   Correlation coefficient   0.678[\*](#tfn8-vhrm-9-763){ref-type="table-fn"}   −0.191[\*](#tfn8-vhrm-9-763){ref-type="table-fn"}   −0.590[\*](#tfn8-vhrm-9-763){ref-type="table-fn"}   −0.579[\*](#tfn8-vhrm-9-763){ref-type="table-fn"}
   Significance (2-tailed)   0.000                                              0.041                                               0.000                                               0.000

**Note:**

Statistically significant.

**Abbreviations:** AI, atherogenic index; BMI, body mass index; DBP, diastolic blood pressure; FPG, fasting plasma glucose; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; SBP, systolic blood pressure; TC, total cholesterol; TG, triglycerides.

###### 

Linear regression analysis in hypertensives with HDL-C as the dependent variable and AI as the independent variable

  HDL-C   *R*=0.269   *R*^2^=0.072   Adjusted   *F* change=4.436   *P*=0.015
  ------- ----------- -------------- ---------- ------------------ ---------------------------------------------------
  AI      −0.268      0.002          −0.294     −0.012 to −0.002   0.004[\*](#tfn10-vhrm-9-763){ref-type="table-fn"}

**Note:**

Statistically significant.

**Abbreviations:** AI, atherogenic index; HDL-C, high-density lipoprotein cholesterol; Sig, significant.
